An underbalanced drilling using foam drilling fluid is one of the most effective solutions which are capable of preventing formation damage, differential sticking, or circulation lost. Nevertheless, the limitation of using foam drilling fluid is the stability of its rheological properties which would affect its lubricity characteristics. Therefore, a research study was carried out to determine the stability and effectiveness of water soluble polymers as an additive in foam drilling fluid. To produce the required and most stable foam, four types of surfactants had been tested, namely sodium dodecyl sulfate (anionic), cetyltrimethylammonium bromide (cationic), T×100 (non ionic), and n-alkyl betaines (amphoteric). Then, the water soluble polymers, namely xanthan gum, hydroxyethyl cellulose, guar gum, and carboxymethyl cellulose, were evaluated as a stabilizer in the said foam drilling fluid. The laboratory works involved lubricity and rheological properties tests, which were conducted at ambient condition. The experimental results showed that the use of xanthan gum with anionic surfactant produced the most stable foam drilling fluid compared to other polymers. Rheological properties of the polymer foam drilling fluid were compared with water-based mud, and it was revealed that polymer foam drilling fluid could perform as effective as the latter. The significant advantage of using polymer foam drilling fluid was its coefficient of friction which was found to be lower than the water-based mud.
1.0 INTRODUCTION
Directional drilling is the practice of deviating a wellbore along a planned target at a given lateral distance and direction from the vertical. It is interesting to note that directional drilling has now become an imperative element in oil or gas field development, definitely for both offshore and onshore. Many problems and conflicts can be avoided by applying directional drilling, but drag and torque remains one of the main issues. Generally, drill string drag is the incremental force encountered when moving pipe up or down in the hole whilst torque arises from the pipe rotation [1] . Horizontal drilling increases the contact of the drill string with the borehole which will lead to friction problem. The combination resistance of drill string in the bend and the force gravity will increase the drill string's pressure to borehole contact. This may cause weight stacking, torque and drag, stickiness, low penetration rate, and even stuck pipe in the severe instances. Experience on some directional drilling operations has led to the development of many torque and drag reducing products and techniques [2] . For example, a novel fibrous lost circulation material was found to dramatically reduce torque and played a major part in the successful of drilling of oil wells at Wytch Farm and Tierra Del Fuego [3] .
The fundamentals of drilling horizontal wells include underbalanced drilling (UBD), coiled tubing, bit steering, continuous logging (measurement-while-drilling), multilateral and horizontal completions. Underbalanced drilling is a nonconventional drilling operation where the hydrostatic pressure of the drilling fluid is maintained below the formation pore pressure. The benefits of UBD include increased productivity by reducing formation damage, increased rate of drilling bit penetration, minimization or elimination of lost circulation, improved formation evaluation while drilling, reduction or elimination of differential pipe sticking, reduced stimulation requirements, and earlier production [4] . Among the existing low-density fluids used in underbalanced drilling, foam is very beneficial due to its encouraging cuttings carrying capacity. Foam [5] comprises a mixture of gas phase and foaming solution, is one of the most versatile aerated fluids. It allows the use of very low specific gravity from 0.2, and is one of the most efficient fluids for lifting the cuttings and cleaning the wellbore. However, the knowledge of foam properties and especially the flowing properties is still incomplete. Foam rheology has been the subject of numerous investigations in the past [6, 7, 8, 9] . Thus, this research work was conducted to study the rheology and lubricity of drilling foam. Typically, drilling foam is thermodynamically unstable with a complex rheology, containing 5-25% liquid with not more than 95% of gas. As a result, despite a pseudo-stability initially exhibited, it eventually breaks down to its individual constituent phases. This break down is usually attributed to the gravitational drainage of liquid through the lamellae surrounding the foam cells. This aspect leads to gradual thinning and eventual rupture of the foam bubbles, or a decrease in surface area and consequently in surface energy occurring with the breakdown of a dispersed system.
Foam is one of the most widely used drilling fluids. Apart from generating a very low Equivalent Circulation Density (ECD), it also has good lubrication properties and hole cleaning capacity. As highlighted earlier, foam is a thermodynamically unstable fluid and its rheology is more complex [10] . Thus, the selection of suitable foaming agent is very important to maintain the stability of foam. Foam structure is best preserved through the use of an effective surfactant which enables the formation of stable interfacial surfaces. This effort should be coupled with the chosen of a suitable viscosifier which will reduce the rate of foam break mechanism, which has become the focus of this research work.
Foam stability is an important parameter to be considered seriously when foam is used as a drilling fluid in an underbalanced drilling. The foam stability is evaluated based on its half life. The presence of the electrolytes is found to have increased the surface tension of water and thus it will require high surfactant concentration to generate foam. Meanwhile the monovalent cations have the ability to create larger foam volume with larger bubble size than divalent cations. It is important to note that surfactants can lower surface tension and promote foam formation. Lowering the surface tension alone may create stable foam -important factors for foam stability are film drainage, which is in part controlled by bulk and surface viscosity, resistance to mechanical disturbances and the ability to counteract film thinning: both factors are governed by film elasticity. Aqueous solutions with lower surface tension produce larger volumes of foam with equal bubble size. The thin film, surrounding gas, must possess the elasticity and mechanical integrity necessary to maintain foam stability. The presence of aqueous solution of surfactant facilitates the stretching of the film [5, 11] .
2.0 MATERIALS AND EXPERIMENTALS PROCEDURES

Materials
Foaming agents (surfactants) used in this research works were anionic, cationic, amphoteric, and non ionic. The details of foaming agent, stabilizer, and salt used are shown in Table 1 whilst Figure 1 shows the schematic diagram of the experimental system. All the experimental works were conducted at ambient condition. 
Foaming Generation
Foam formulation for this solution was the combination of tap water, 1% v/v of surfactant, and nitrogen gas. Nitrogen gas was bubbled at the bottom of the perspex with a constant rate of 60 ml/min into the 100 ml foaming solution. Bubbling was continued until the volume of foam achieved the maximum volume in the perspex. Time taken for the half of volume drainage from its initial volume was measured using a stop watch. The steps were repeated using different types of surfactant.
Figure 1 Foam generation model (air expansion technique)
Stabilizer
The water soluble polymer -used as a stabilizer in the foam drilling fluid -was evaluated in order to observe its effect on the stability of foams generated. Foam stability was examined by adding these additives to the aqueous phase in order to enhance viscosity and stability of the foams. The concentration of stabilizers was kept constant at 0.13% v/v. These additives were added into the 1% v/v solution of foaming agent that had been selected previously which indicated the highest stability when tested with the different foaming agents. After the most effective stabilizer which resulted to the most stable foam has been identified, the test was continued with different concentrations of stabilizer that had been determined previously. The concentrations of stabilizer tested were 0.1%, 0.13%, 0.17%, and 0.2% (by volume) with the concentration of surfactant was kept constant at 1% v/v concentration. The longer half life indicated that it was the more stable with the addition of certain concentrations of stabilizer.
Salt
Another important aspect that should be analyzed was the ability of a foaming agent to keep foam stable in the presence brine in foam drilling fluid. In this research work, the foaming agent was tested using different concentrations of sodium chloride (NaCl) in the liquid phase. The concentrations of NaCl used were 2.3%, 4.6%, 6.9%, and 9.3% (by volume).
Lubricity Test
The lubricity of the foam drilling fluid was measured using the Fann Lubricity Tester, Model 212 EP/Lubricity Tester. Details of the experimental procedures are given in [12] . The instrument was set at 60 RPM and a pressure of 100 lbs. The lubricity can be calculated as follows:
Coefficient of friction
Rheological Properties
The rheological properties of foam drilling fluid were measured using a rheometer and was carried out as per the American Petroleum Institute RP -13B -1: Recommended Practices for Field Testing Water-based Drilling Fluids [13] . While the alkalinity of the foam drilling fluid was measured using a standard pH meter. Figure 2 shows the performance of each surfactant that was used in the research works to determine the stability of foam drilling fluid with different types of foaming agent. From the half life analysis, sodium dodecyl sulfate (SDS) and cetyltrimethylammonium bromide (CTAB) were found to have exhibited longer half life as compared to Tx100 and and n-alkyl betaines. This is due to the stabilization mechanism of anionic and cationic surfactant which was resulted from the molecular interactions forces (i.e., electrostatic repulsion in the double layer) [10] . The affinity of the ions for the air/water interface and the direct interaction of the ions with the surfactant do affect the stability and thickness of foam films [14] . 
3.0 RESULTS AND DISCUSSION
The Performance of Foaming Agent
Types of Additive
Water soluble polymers can stabilize foams by increasing the bulk viscosity of the film, thus it increases the film elasticity or decreases the film drainage rate. They are often effective at lower concentrations than other organic additives, and more compatible with different types of foaming systems [11] .
The research works involved the evaluation of the effect of those four additives on sodium dodecyl sulfate that has been proved to have given the longest half life as compared to cetyltrimethylammonium bromide, Tx100, and n-alkyl betaines. The 1% v/v surfactant was mixed with water as liquid phase, and then the 0.13% v/v of additive was added into the solution. Nitrogen gas was injected into the solution to produce the said foam. Types of stabilizer that were used in the research works consisted of xanthan gum (XC), carboxymethyl cellulose (CMC), hydroxyethyl cellulose (HEC), and guar gum.
When surfactants are mixed in solution with other components, several bulk and interfacial properties change as compared to those of the single surfactant solution. In particular, the stability of foams is affected by three mechanisms: drainage, coarsening, and film rupture [15] . Generally, water soluble polymer would decrease micellar stability, and this phenomenon could increase the foamability of the mixed polymer-surfactant solutions. At higher surfactant concentrations, the bulk and surface viscosity are significantly increased, and again the foam stability increases [16] . Figure 3 shows that the foam solution after being mixed with 0.13% v/v xanthan gum produced very stable foam with half life of 214 minutes compared to other stabilizers. It could be said that the addition of polymer has succeeded in altering the bulk viscosity of the solution and other parameters which are related to solubility and diffusivity of gas introduced into the liquid phase. 
Additives Concentration
The most common pattern of behavior for polymers and surfactants was for the surfactant to form micelles on the polymer chain at a concentration below the critical micelle concentration of the surfactant. This has changed the conformation of the polymer chain in solution, by a large amount if the surfactant was charged because it endowed the polymer with polyelectrolyte qualities. This alone would cause major changes to the rheological properties. The surfactant micelles might also cross-link the polymer molecules and the resulting gel-like structure which made the solution very viscous [17] . Figure 4 shows the experimental results of half life for foam drilling fluid tested with different concentrations of xanthan gum. Generally, when the amount of the polymer added is increased, the foam stability also would increase. As highlighted earlier, the addition of polymer has succeeded in altering the solubility and diffusivity of gas in the liquid phase. Both solubility and diffusivity of gas in the lamella liquid decreased as the liquid became more viscous due to the introduction of polymer. Such a decrease in these parameters reduced the permeability of the lamella. Consequently, the rate of inter bubble gas diffusion decreased. As a result, the rate of disappearance of smaller bubbles was found to have decline [17] . Another mechanism that can be related to the addition of xanthan gum into foam solution is the increase of mechanical strength of foam films. The surface films produced by solutions of highly purified surfactants often weakly coherent, containing molecules that are widely spaced because of the mutual repulsion of the oriented polar heads. These films are mechanically weak and non viscous. When they constitute the interfacial film in the lamellae of foam, liquid drains rapidly from the lamellae. The addition of this polymer to this type of film can convert it to a closer packed, more coherent one of high surface viscosity, which is slow draining and produces a much more stable foam [17] .
Salt Concentration
Stability of foam in the presence of electrolytes contamination is an important parameter for foam drilling fluid. The sensitivity to salt is relying on the surfactants chemistry on the foaming system. During foam formation, it should be noted that surfactant molecules adsorb at a freshly created air/water interface from the bulk. The properties of a monolayer of surfactant, which is a good indicator of foam stability, are sensitive to the concentration and nature of the salt [18] . This research works also comprised the evaluation of monovalent salt effect of different concentrations on the stability of foams. To be more specific, sodium chloride (NaCl) has been chosen as it is abundantly present in the formation. This salt was tested on the foam drilling fluid with 0.2% v/v xanthan gum. Figure 5 shows the effect of different salt concentrations on the stability of foam drilling fluid. When the concentration of NaCl increased, the stability or half life of foam also increased. However, the stability of foam generated with the anionic surfactant reduced considerably after the addition of NaCl. The presence of NaCl in the solution has changed the concentration and viscosity of foam drilling fluid. Consequently, it increased the drainage rate from the lamellae of foam. . This means that the presence of the water-soluble polymer (i.e., xanthan gum) has succeeded in reducing the coefficient of friction. Hence, from the experimental works, it proved that introduction of 0.2% v/v xanthan gum into foam drilling fluid was able to act as a friction reducer in a drilling operation and thus reduced the torque required when rotating the drill string.
Generally, the presence of xanthan gum increases the viscosity of the drilling fluid at low shear rates, thus it increases the carrying capacity of the drilling fluid which ensures an effective wellbore cleaning. At high shear rates, which occur at the bit, the drilling fluid treated with xanthan gum is lowviscous, thus also ensuring high penetration rates. Shale [19] did highlight that foam or mist may increase lubricity, but the accompanying hole cleaning problems nullify any benefit. foam drilling fluid has a very low solid content, thus it can accommodate better cuttings transport. This positive effect has been compounded by the presence of stabilizer (i.e., xanthan gum) in the foam drilling fluid that has experienced increase in plastic viscosity [20] . The structure of foam -gas bubbles encapsulated by xanthan gum -is found to be more stable, and does not allow the fallback of solids or drilled cuttings which is partly due to the buoyancy and viscous effects, even under no circulation condition. The performance of cuttings transport may be further enhanced via the usage of polymer beads [21] . 
pH Measurement
The pH test of a mud is to determine the concentration of various ions that affect the ability of reactive clays to produce the desirable mud properties, to formulate and control the chemical composition of the drilling fluids, and also to achieve some degree of compatibility with the formations being drilled. Figure 8 shows the pH measurement for the mud. pH readings for water-based mud, foam drilling fluid, and foam drilling fluid with the addition of 0.2% v/v xanthan gum were 9, 11, and 11 respectively. The alkali characteristic of a surfactant, which normally used in detergent, resulted in high pH reading for foam drilling fluid. Besides, a balance between double-layer repulsive forces influences the stability of the equilibrium thickness of the liquid film, and the liquid film should depend upon the pH of the solutions [5] . The pH was found to be comparable with the pH of commercial foam used in industry, Weatherford KLEAN-FOAM TM , which gave a pH reading in range of 9.5 to 10.5 [22] . 
